Reduced endothelial surface charge markedly increases the rate of LDL uptake into blood vessels. Previous work in the streptozotocin diabetic rat reported reduced endothelial surface charge. We compared endothelial surface charge density in internal mammary artery rings from patients with type 2 diabetes (n = 12) and from non diabetic patients undergoing coronary artery bypass grafting, and observed a substantial (52%) reduction in the former. This was associated with higher plasma sialic acid levels suggesting loss of sialic acid residues from the glycocalyx as a possible mechanism.
Introduction
Type 2 diabetes (T2DM) is associated with accelerated atherosclerosis. 1 Experimental evidence has demonstrated reduced surface charge on arterial endothelium in streptozotocintreated rats; 2 furthermore, the enzymic removal of sialic acids from the endothelial surface of arteries accelerates the flux of negatively charged, low-density lipoprotein (LDL) into the arterial wall. 3, 4 Accordingly we compared arterial negative surface charge density in patients with T2DM and controls.
Research design and methods Patients
Left internal mammary artery (IMA) segments were obtained from patients with and without T2DM undergoing coronary artery bypass surgery (CABG); current smokers were excluded. Blood samples were drawn for HbA 1c , plasma total sialic acids (TPSA) and syndecan-1 prior to surgery. The left IMA was harvested and a sample obtained prior to heparinisation and cardiopulmonary bypass. The specimen was fixed and then incubated with cationised ferritin, rinsed in cacodylate buffer, dehydrated through a graded series of ethanol, embedded in Araldite and blocks sectioned (50 nm), and examined unstained in a FEI Tecnai 12 electron microscope. 2 Four areas containing ferritin-labelled endothelium were randomly selected in each section by a
Results
The diabetic (n = 12) and control (n = 9) patients were similar in age and gender. HbA 1c levels were increased in patients with diabetes (7.8 ± 0.35 vs. 5.8 ± 0.15; p < 0.001). There were no major differences in other risk factors.
There was a consistent and highly significant functional (52%) lower surface charge in subjects with diabetes versus controls (100.0 ± 2.8% vs. 48.0 ± 2.5%; p < 0.0001) ( Figures 1 and 2 ).
TPSA was higher in patients with T2DM compared with controls (1.53 ± 0.11 mmol/l vs. 1.13 ± 0.14 mmol/l; p < 0.05), but syndecan-1 levels were similar (1.52 ± 0.12 vs. 1.50 ± -0.13; p = NS).
Discussion
In patients with T2DM undergoing CABG there is a highly significant decrease in arterial endothelial surface charge density compared with controls. Previous experiments have shown that removal of negative surface charge from the arterial endothelium accelerates the uptake of LDL, presumably because of reduced electrostatic repulsion. 3 The present results are consistent with findings in the streptozotocin-treated diabetic rat 2 in providing a mechanism for the accelerated atherosclerosis observed in diabetes.
Our findings are compatible with reduced glycocalyx volume of tongue capillaries in type 1 diabetics, and with decreased glycocalyx volume during acute hyperglycaemia in healthy subjects. 5, 6 One mechanism likely to contribute to decreased endothelial surface charge is, as evidenced by the significant increase in total plasma sialic acids, the shedding of negatively charged residues (including sialic acid) from C1  C2  C3  C4  C5  C6  C7  C8  C9  D1  D2  D3  D4  D5  D6  D7  D8  D9  D10  D11 the glycocalyx, and consistent with this plasma sialic acid was significantly increased in the subjects with diabetes. The possibility remains that the observed reduction in endothelial surface charge may be caused, at least in part, by a defect in the biosynthesis of endothelial glycoproteins.
